Strontium substituted hydroxyapatite is a biomaterial with high level of biocompatibility with improved cell proliferation from Sr ions in hydroxyapatite.
Transformed Infrared Spectroscopy. The appearance of diffraction peaks in the X-ray diffraction pattern suggested that longer processing times were necessary to transform amorphous strontium hydroxyapatite to a higher crystallinity at lower temperatures. Transition from the amorphous to the crystalline state begins at 150 ∘ C after an hour, at 120 ∘ C after 3 hours, or at 110 ∘ C after 6 hours. Infrared spectroscopy showed the characteristic phosphate absorption band and the presence of carbonate in the powder.
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Introduction
Materials based on hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 and textural properties as well as the surface reactivity. Among these substitutions, the biological role of strontium as a doping element in HA is well known [6] .
Strontium is also believed to play an important role in the enhancement of bone remineralization that is associated with a reduction of bone resorption, an increase in the formation of new bone fracture [7] [8] [9] . Recently, strontium substituted hydroxyapatite has shown to hold great potential for coating titanium implants and as a filler for bone cements and toothpastes. Strontium hydroxyapatite (SrHA), a bioactive bone cement that is used in spinal and bone fracture surgery and also finds application in bone replacement, bone fillings, bone adhesives and for treatment of osteoporosis [10] .
Synthesized Sr-doped ACP powder by wet synthesis, and prepared Sr-doped calcium phosphate cement has potential for use as a new type of bone substitute [11] .
Hydrothermal treatment (HT) has been found to be one of the best methods to synthesize highly crystalline HA with homogeneous grain size at decreased processing temperatures. On the other hand, HT attracts much attention in recent years as a replacement for the high-temperature plasma spraying process in the field of coating deposition [12] . However, an effect of HT on SrHA powder has not yet been studied.
In this article, we present a way of modifying the material structure of a SrHA powder by HT. In particular, we aim to introduce a new approach to HT of calcium phosphates in the presence of increased temperature and saturated water steam which could result in amorphous to crystalline phase transition at decreased temperatures and introduction of new material properties. Conventional methods of calcium phosphate processing include methods such as precipitation of apatite in aqueous solutions, hydrolysis of phosphates in water, high temperature annealing [13, 14] . HT could be considered as an alternative to the more conventional methods of modifying the structure of calcium 
Hydrothermal processing of strontium doped hydroxyapatite
SrHA was treated in hydrothermal vessels with deionized water. For this process, 0.05 g of SrHA was placed in a glass container where the powder was mixed with a magnetic stirrer bar. The glass container was placed in a Teflon vessel with 4 ml of deionized water (H 2 O). Then, teflon vessel was inserted in stainless steel container, tightly closed and the HT unit was heated on the laboratory heater. The hydrothermal process was performed at different temperatures (90 ∘ C, 100 ∘ C, 110 ∘ C, 120 ∘ C, 130 ∘ C, and 150 ∘ C) for 1, 3 and 6 hours.
Characterization of processed strontium doped hydroxyapatite
X-ray powder diffraction (XRD) was used to study the effect of hydrothermal processing on the structure of SrHA. XRD of untreated powder together with post processed SrHA was performed in order to determine initial powder state and annealing time and temperature regime needed for material phase transition. This analysis was performed on a Bruker D8 ADVANCE (Germany) diffractometer. Diffraction patterns were recorded in the 2θ range of 5-60 ∘ using Cu Kα radiation (λ = 1.54180 Å generated at 40 mA and 40 kV) at a 0.1 ∘ step size. 
Results and Discussion
Isochronal studies were conducted to determine the temperature of transition from an lower suggesting a low amount of retained amorphous phase. In contrast, conventional method crystallization of SrHA is annealing in air at high temperatures. The amorphous to crystalline transition for SrHA is usually performed in the temperature range from 400 to 600 ∘ C in a muffle furnace [16] . The use of two sources of energy -pressure and temperature -crystallizes SrHA at lower temperatures by utilizing HT in an environment of steam.
The FTIR spectra for SrHA powder is shown in the same format as for the XRD patterns. The highest absorbance peak at the range of wavenumbers 950-1200 cm 
Conclusion
SrHA was successfully synthesized by wet-chemical precipitation method. HT in the presence of ambient saturated water steam pressure with variation in the temperature and processing time for the powder of SrHA led to following outcomes.
1. With an increase in the processing time, the temperature needed for a transition from an amorphous to crystalline state decreased from 150 to 120 ∘ C.
2. The XRD pattern showed Ca 2 Sr 8 (PO 4 ) 6 (OH) 2 with a trace of Sr-apatite modifications after crystallization.
Thus, HT in the presence of ambient saturated water steam could be utilized as an alternative method for modification of calcium phosphates at lower processing temperature in contrast to conventional structure modification methods.
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